This paper reviews Ghana's performance in the TIMSS 2011 survey in comparison with other African and some high performing countries which participated in the TIMSS assessment. Students' achievement in the science content areas assessed were summarized and teacher preparation constructs of teachers of the students who took part in the assessment explored with the aim of finding any possible linkage between teacher preparation and students achievement. Two set of reviews were done. First, results on the eighth grade (JHS 2) science content achievement in biology, chemistry, physics, and earth science for Ghana, Morocco and Tunisia were compared. The second review compared how Ghana prepares her teachers to Finland and Singapore who were among the first five performing countries on the TIMSS 2011 assessment. Some mismatch was identified in terms of teacher preparation and students' achievement in the case of Ghana. Ghanaian teachers scored relatively high on most of the constructs that were measured by the TIMSS report under teacher preparation but these were not reflected in the students' achievement. In view of this, it is recommended that other indicators such as classroom instruction, resources for teaching science, and school climate are investigated with the aim of finding any other underlying factors that could account for the mismatch between Ghanaian students' achievement on the TIMSS science assessment and teachers' preparation.
Introduction
Trends in International Mathematics and Science Study (TIMSS) started in 1995 and are administered on a four-year cycle; hence, the 2011 assessment served as the fifth in the series. The TIMSS 2011 report also provided an updated picture of performance for the participating countries. This paper summarizes Ghana's performance on the TIMSS test items as well as some teacher preparation constructs as measured on the TIMSS 2011 assessment instrument in comparison with other African countries that participated in the assessment and offers some recommendations for improving quality of basic education in Ghana. We used TIMSS 2011 data as convenience (Akiba, LeTendre, & Scribner, 2007) to compare Ghanaian students' performance in science against the quality of teachers who teach grade eight (JHS 2) science.
Over the years, the TIMSS science assessment has been organized around two dimensions -content dimension and cognitive dimension. The TIMSS 2011 science assessment was no exception. The content dimension specifies the subject matter or content domains to be assessed whereas the cognitive dimension specifies the thinking processes that students are likely to use as they engage with the content. Each item in the science assessment is associated with one content domain and one cognitive domain; providing for both content-based and cognitive-oriented perspectives on student achievement in science (International Association for the Evaluation of Educational Achievement [IEA] , 2012).
The TIMSS assessment is usually organised for two categories of students, grade four (ages 9-10 or Primary 4) and grade eight (ages 12-13 or JHS 2) but countries like UK, Malta and New Zealand whose students start school at a young age are normally assessed at the fifth grade. Moreover, TIMSS International Study Centre encourages countries that believe the assessment is too difficult for fourth grade students to give the TIMSS fourth grade assessment at the sixth grade. Similar provision is made for the eighth grade TIMSS assessment so that countries can participate at the ninth grade if need be.
The fourth grade science assessment covers three content domains -life science, physical science, and earth science. At the eighth grade however, four content domains are covered. These are biology, chemistry, physics, and earth science. Nonetheless, the same three cognitive domains (knowing, applying, and reasoning) are used at both fourth and eighth grades. Students' knowledge of science facts, procedures, and concepts are assessed under knowing whereas applying focuses on the students' ability to apply knowledge and conceptual understanding in a science problem situation. Items measuring reasoning, on the other hand, go beyond the solution of routine science problems to encompass unfamiliar situations, complex contexts, and multi-step problems (IEA, 2012) . The TIMSS 2011 results for the participating African countries are presented and discussed below.
Students' Achievement in Science Content Domains
Results on the eighth grade science content in biology, chemistry, physics, and earth science are shown in Table 1 . Three African countries-Tunisia, Morocco and Ghana-participated at the eighth grade. Botswana and South Africa, however, participated at the ninth grade as indicated in Table 1 . Ninth grade participants are students from countries which believe the content on the TIMSS assessment are adequately covered in grade nine and not grade eight. Among the 42 participating countries worldwide, Tunisia was ranked 29th with an overall average score of 439. Morocco and Ghana occupied the last two positions on the international table respectively. In addition to occupying the last position on the international table, Ghana's overall average performance was also significantly lower than the other two countries. In all the four science content areas that were assessed, Tunisia and Morocco performed better than Ghana. Inferences from Table 2 indicate that Tunisia had the highest average achievement, and had higher achievement in all the four areas followed by Morocco with Ghana obtaining the least achievement across board. Whereas Tunisia was close to the TIMSS scale counterpoint achievement of 500 (i.e. with only 61 points less), Ghana was 194 points less to the TIMSS scale counterpoint. Further analysis revealed that Ghana performed poorly in Biology, Physics and Earth Science with their respective average scores below 300. The TIMSS 2011 report stressed that among the eighth grade participating countries "only Ghana had many low performing students, with a percentage of students with achievement too low for estimation between 15 and 25 percent (IEA, 2012, p. 47 ).
Ghana's low performance also meant that most of the students who participated in the TIMSS 2011 assessment were classified as performing below the Low International benchmark. TIMSS reports achievement at four points along the scale as international benchmarks: Advanced International Benchmark (625), High International Benchmark (550), Intermediate International Benchmark (475), and Low International Benchmark (400), with the scores on the test ranging from 0-1000. The percentage of eighth grade students from the participating African countries reaching the international benchmarks of science achievement relative to the overall average score is shown in Tunisia was the only country that had 30% of her eighth grade students attaining Intermediate Benchmark with the majority of students (72%) attaining the Low International Benchmark. Ghana had 6% and 22% of her eight grade students reaching Intermediate and Low Benchmarks respectively. Relative to the overall average score, only Tunisia (with an average score of 439) attained the Low International Benchmark (400). Morocco and Ghana did not attain any of the benchmarks. Botswana and South Africa who assessed their students at the ninth grade had average achievement score of 404 and 332 respectively. Botswana students' average was just above Low International Benchmark (400) whereas South Africa's students' average was a little below the Low International Benchmark (400) for eighth grade students.
Tunisia was the only country that had 30% of her eighth grade students attaining Intermediate Benchmark with the majority of students (72%) attaining the Low International Benchmark. Ghana had 6% and 22% of her eight grade students reaching Intermediate and Low Benchmarks respectively. Relative to the overall average score, only Tunisia (with an average score of 439) attained the Low International Benchmark (400). Morocco and Ghana did not attain any of the benchmarks. Botswana and South Africa who assessed their students at the ninth grade had average achievement score of 404 and 332 respectively. Botswana students' average was just above Low International Benchmark (400) whereas South Africa's students' average was a little below the Low International Benchmark (400) for eighth grade students. South Africa was also reported to have had many very low performing ninth grade students, with the percentage of students with achievement too low for estimation between 15 percent and 25 percent.
Students' Achievement in Science Cognitive Domains
This section presents and discusses the average achievement at eighth grade in the cognitive domains of knowing, applying, and reasoning for Ghana, Morocco and Tunisia relative to their overall science average scores. Similar to the content domains, eighth grade students from Tunisia performed better in all the cognitive domains than Morocco and Ghana as shown in Table 3 . Morocco also performed relatively well than Ghana in the three cognitive domains. In all, Tunisia and Ghana showed relative strength in reasoning with Morocco showing relative strength in applying. Ghana had a weakness in both knowing and applying. 
Trends in Science Achievement
This section sought to review the changes in overall average science achievement for Ghana, Morocco and Tunisia with their comparable data from previous TIMSS assessments. The trend in science achievement at the eighth grade is shown in Figure 1 for only Tunisia and Ghana since Morocco has no comparable data at the eighth grade from previous TIMSS assessments that can be compared to TIMSS 2011. From the summary of results shown so far, Ghana's performance relative to other African countries gives some indications that Ghanaian grade eight students are not achieving at the levels expected when compared to students at comparable grade levels. As such, it will be prudent to investigate some underlying cause(s) of eight grade students' underperformance in science.
Science Teachers' Formal Education in Ghana
Even though we have presented Ghana's performance against other African countries that have been participating in TIMSS assessment, we believe that a lot can be learnt, from the top achieving countries, for example the top five countries -Singapore, Chinese Taipei, Korea Rep, Japan and Finland which had average achievement above the High International Benchmark of 550. These countries performed far better than Ghana and the rest of the African countries that participated in the study hence it would not be out of place to look within and outside the African continent to examine practices that are making these countries out-perform their counterparts in this international assessment. For Ghana to improve its performance in future TIMSS assessments, we have discussed one of the contributing factors -teacher preparation and have discussed Ghana's performance in the light of two high achieving countries (Singapore and Finland) which can serve as a guide to any future policies.
Quality Teacher Preparation
Trends in International Mathematics and Science Study (TIMSS) report indicated how relevant a well prepared teaching force is to any educational system. This view is shared by Darling-Hammond (2000) who reiterated the positive and strong correlation between teacher preparation and students' achievement. In 1996, in the United States (US), the National Research Council's National Science Education Standards put forward five assumptions about science teaching, including the belief that, "What students learn is greatly influenced by how they are taught" (National Research Council, 1996, p. 28) . Moreover, in the same year, the standards called for a pedagogical shift from a teacher-centred to a student-centred instructional paradigm. It was further held that a more student-centred approach to learning engages students in socially interactive scientific inquiry and facilitates lifelong learning. This, therefore, suggests that students cannot achieve high levels of performance in the absence of qualified, skilled, talented and dedicated teachers. Improving teacher quality has since been a major focus of America's educational reforms. The country's 2006 annual report (US Department of Education, 2006, p. iii) describes the country's position on teacher quality as follows:
In order to strengthen our nation's competitiveness in the global market places, as well as our security at home, we must be certain that teacher proficiency in mathematics, science, technology and foreign languages is sufficient to enable America's students to achieve at grade level and above these subjects.
Research findings confirm that teacher quality looks to be the most essential factor influencing student achievement (Darling-Hammond, 2000; Darling-Hammond, Berry, & Thoreson, 2001; Goldhaber & Anthony, 2003) . Most often, academic preparation of teachers, type of certificate, and years of teaching experience, among others, are taken as indicators of teacher quality. Teachers who have acquired sufficient academic preparation are seen to be competent in subject matter content and pedagogical skills enabling them to be effective in classrooms and produce larger student achievement gains (Darling-Hammond, 2000; McDermott & Shaffer, 2000; Orleans, 2007) .
Most of the research on student learning has examined the relationship between measures of student performance (most commonly standardized test scores) and readily measurable teacher characteristics such as qualifications, teaching experience, and indicators of academic ability or subject-matter knowledge (Darling-Hammond, 2000; Hendriks, Luyten, Scheerens, Sleegers, & Steen, 2010; Scheerens, 2009) . Such research generally indicates that there is a positive relationship between these measured teacher characteristics and student performance. It must be pointed out that there are many important aspects of teacher quality that are not captured by the commonly used indicators (e.g. qualifications and experience). The teacher characteristics that are harder to measure, but which can be vital to student learning include the ability to convey ideas in clear and convincing ways; to create effective learning environments for different types of students; to foster productive teacher-student relationships; to be enthusiastic and creative; and to work effectively with colleagues and parents (Akiba et al., 2007) . However difficult they may be, constant evaluation of teachers' competencies and qualification are required to ensure excellent delivery of instruction especially in the sciences. The TIMSS report under review provides rich information on science and mathematics teachers' preparation of the participating countries which includes Ghana. The areas under teacher preparations that were considered in the TIMSS report include are: science teachers' formal education; teachers majoring in education and science; teachers' years of experience; teachers' professional development within the last two years; teachers' preparation to teach the TIMSS science topics; teachers' confidence in teaching science; and teachers' career satisfaction.
In Ghana, teachers are categorized into professional and non-professional teachers. Professional teachers are those with certificates in education from an accredited higher educational institution whereas the non-professional teachers are grouped into: persons with high school certificate; persons with diploma from polytechnics and non-teaching tertiary institutions; and university graduates without certificate in education (Ministry of Education, 2012) . Teachers who teach in Ghanaian JHS where grade eight falls are predominantly products of colleges of education (previously, teacher training colleges) which are accredited educational institutions. Those who choose to teach at this level enter these colleges of education after their high school education. Upon gaining admission, these pre-service teachers undergo a three-year education program leading to the award of a Diploma in Basic Education. The three year program is divided into two years of course work and one year of practicum with trainees engaged in "supervised" internship in schools. The Diploma in Basic Education is supposed to be the minimum qualification for basic school teachers. However, for one reason or the other, persons with high school certificates are also recruited to teach at the JHS level.
Since teachers have been identified as indispensable in the quest for quality education, the TIMSS 2011 report, investigated any possible link between teacher preparation and students' achievement. The results showed that high performing countries on the TIMSS science assessment had science teachers with higher qualifications teaching science in their schools. Ghana's science teachers' highest qualifications are compared with some participating countries in Table 4 below. th grade (JHS 2) teachers holding post-secondary education qualification which is not equivalent to a bachelor's degree. Tunisia had 83% of her teachers having a bachelor's degree; Finland had 89% of the science teachers holding a postgraduate university degree. With the exception of Morocco, Ghana had the highest proportion (15%) of teachers who had no further qualifications after upper secondary school education teaching in the 8 th grade level.
Teachers' Professional Development
The TIMSS report sought to find out how much professional development teachers had two years prior to the commencement of the research. Science Content, Science Pedagogy/Instruction, Science Curriculum, Integrating Information Technology into Science, Improving Students' Critical Thinking or Inquiry Skills and Science Assessment were the areas of professional development the TIMSS 2011 report surveyed teachers on. The percentage of students whose teachers had professional development in these areas in Ghana is compared with those of Tunisia, Morocco, Singapore and Finland in Grade eight students in Ghana seemed to have teachers who had participated in more professional development in areas of Science Content, Science Curriculum, Improving Students' Critical thinking or Inquiry Skills and Science Assessment as the percentages of students whose teachers had participated in professional development in these areas were higher than the international averages as reported by TIMSS 2011. Ghana only fell short of the international average in Science Pedagogy/Instruction and Integrating Information Technology into Science. What is the implication?
Teachers' Preparedness to Teach the TIMSS Science Topics
The TIMSS 2011 report also assessed how prepared teachers of participating students thought they were in teaching the content areas that were covered by the assessment tools. They aimed at finding out whether these teachers felt 'very well prepared', 'somewhat prepared' or 'not well prepared' to teach the various content topics that were assessed by TIMSS. For the grade 8 which Ghana participated, the report presented the percentages of students whose teachers felt they were "very well prepared" to teach the content areas of the TIMSS tests. The report categorized the items into Biology, Chemistry, Physics, and Earth Science and then combined all the items to form an Overall Science subsection. Table 6 presents the data of Ghana and selected countries in Africa and around the world. In all the 20 topics that were assessed across the four content domains, there were higher percentages of grade 8 students from Ghana whose teachers felt "very well prepared" to teach the topics in the content areas of the TIMSS assessment tests. As shown in Table 6 , the percentages recorded by teachers in Ghana who felt "very well prepared" were higher than the international averages for all the four content areas. Unfortunately, the teachers' level of preparedness was not reflected in their students' achievement as compared to countries like Finland and Singapore.
Confidence in Teaching Science
Teacher confidence is one construct that is widely accepted by educators as having effect on how teachers teach. Science teachers who lack confidence tend to avoid teaching science and when confronted with no option but to teach science, they at best teach a version of science that more closely resembles such subjects as language and social studies (Appleton, 2008) . The TIMSS 2011 report sought to find science teachers confidence in teaching science in two unique ways. The first approach was by asking teachers whether they were "very confident" or "somewhat confident" in teaching science. The report compared teachers' confidence level against the average achievement of their students. Table 7 shows data for Ghana, Tunisia, Morocco, Finland and Singapore on those scores. Table 7 shows that majority of grade 8 students in Ghana (95%) were taught by teachers who were "Very Confident" in teaching science. This percentage was again higher than the international average (73%) and most of the participating countries. Only a small minority of Ghanaian students (5%) were taught by teachers who were "Somewhat Confidence" in teaching science. Table 8 provides further information about the components of the Confidence in Teaching Science scale by showing the percentage of students whose teachers reported feeling "very confident" in using each of the five instructional strategies. Teachers of the participating students were asked to indicate how confident they felt about answering students' questions about science; explaining science principles or concepts by doing science experiments; providing challenging tasks for capable students; adapting their teaching to engage students' interest; and helping students appreciate the value of learning science. Table 8 summarizes Ghana and the selected countries' data on teachers who felt very confident in doing the aspects listed above. science scale in Ghana. The percentage of students whose teachers felt very confident in the component areas in Ghana was higher than the international average in all the areas. Science teachers of grade 8 students in Ghana felt very confident to answer students' questions about science as well as explain science concepts or principles through science experiments to students. They provided challenging tasks for capable students, adapted their teaching to engage students and were confident to help students appreciate the value of learning science. What is puzzling is that despite teachers' purported self-confidence in teaching science content and responding to students' questions it did not reflect in students' achievement on the TIMSS assessment. Surprisingly, Ghana could not even attain the Low International Benchmark of 400. 
Teacher Career Satisfaction
Career satisfaction is a pleasurable condition of a positive emotional state which results from one's own appraisal of his or her job experiences (Locke, 1976) . Career satisfaction has the tendency of keeping professionals in their profession. TIMSS 2011 report therefore sought to find out teachers' career satisfaction. The report sought to find out how satisfied teachers were with their profession; how much they were satisfied as a teacher in their schools; their enthusiasm level as compared to when they started teaching; how important they felt teaching was; whether they plan continuing as a teacher for a long time and whether they were frustrated as teachers. The report grouped teachers' responses into three categories: satisfied, somewhat satisfied and less than satisfied. Table 9 shows data from Ghana and selected countries on the career satisfaction of their grade 8 science teachers and the average achievement of their students in science. The data in Table 6 show mixed results with regards to teachers' career satisfaction and their students' achievement. Though Singapore had a lower percentage (28%) of its students being taught by teachers who were satisfied with their career, they had high student achievement as compared to Ghana who had relatively high teachers (35%) who were satisfied with their job. Only about 10% of Ghanaian students were taught by teachers who were "Less Than Satisfied". This gives an indication that, Ghanaian students were taught by teachers who were relatively content with their teaching profession yet the students' achievement in the TIMSS assessment was the poorest.
Discussion
The TIMSS 2011 report seems to portray a high correlation between students' achievement and teachers' qualifications. According to Darling-Hammond (2004) , students achievement were strongly related to teachers with strong academic qualification with the TIMSS 2011 report confirming most of the findings in the literature on teacher academic preparations. Teachers who have acquired sufficient academic preparation are seen to be competent and produce larger student achievement gains (Darling-Hammond, 2000; McDermott & Shaffer, 2000; Orleans, 2007) .
From the results obtained, the countries that had their students achieving higher are taught by teachers with higher academic qualifications, i.e. postgraduate university degree and bachelor's degrees respectively, for instance, Finland and Singapore. In Ghana, majority of teachers for JHS, under which grade eight falls, are diplomates from Colleges of Education. As described previously, these pre-service teachers are admitted into these colleges after completing high school and go on to become teachers after they have completed a three-year education program. It presupposes that content knowledge and pedagogical content knowledge acquired by diplomates of Colleges of Education is below what is acquired by teachers with postgraduate and bachelor degrees. According to Darling-Hammond (2004) , the lack of qualified teachers to teach students who can compete adequately in an increasingly competitive world place constitutes a major educational inequity. It stands to reason that if teacher certification matters, then Ghana's consistently poor performance in TIMSS assessment is probably due to the quality of teachers. As a result, there may be a need to review what the minimum qualification should be for an individual to become a teacher and the number of years required for a person to be trained to join the teaching profession.
There is no argument with regards to the effect of teacher professional development on the effectiveness of their teaching as well as its impacts on student achievement. Research suggests that teachers' professional development correlates strongly with student achievement (Darling-Hammond, Wei, Andree, Richardson, & Orphanos, 2009; Yoon, Duncan, Lee, Scarloss, & Shapley, 2007) . The art of teaching and instruction is very dynamic and thus for teachers to keep up to date with the new trends they need regular professional development in pedagogy and instructional techniques. The overall professional development participation of grade 8 science teachers in Ghana seemed to be very encouraging and commendable. However, this was not reflected in the students' achievement. The role of a teacher is to impart and guide his students to acquire and develop the needed knowledge. The teacher's knowledge is not for him to keep but to be imparted to the students. Therefore having more professional development in science content area which does not appear to impact on the 'the how to' impart the gained knowledge to students is problematic.
The data presented in Table 6 about teachers' preparedness to teach the science topics indicate that Ghana had percentages which were higher than the international averages as well as some of the top ranking countries although Ghana ranked the least country in terms of the achievement rankings. This presents issues that need further critique.
Could it be that the Ghanaian teachers rated themselves too highly in terms of their preparedness to teach these topics? If not so, how come their students ranked the least when it came to their achievement? Or is it a case of there being no correlation between teacher preparedness to teach and student achievement? Again, could it be that teachers feel they are very well prepared to teach but their students are not learning and thus the poor achievement of the students? Tairab (2010) asserted that content knowledge of science is obviously fundamental to being able to impact students learning. Thus, there should be a reflection in student achievement if a teacher claims to be very well prepared to teach a particular topic. Although the data from TIMSS 2011 indicate that most of the students whose teachers felt very well prepared to teach the TIMSS topics had higher achievement scores, Ghana's data seem to be the opposite.
Teachers in Ghana felt very confident in teaching science with 95% of grade 8 students being taught by teachers who felt confident. The percentage of students being taught by teachers who felt very confident to teach science was higher than the international average and higher than most of the participating countries. However, the confidence level of the teachers in Ghana did not reflect in the achievement of their students in the TIMSS assessment. Ghana had the lowest average achievement for students whose teachers felt very confident to teach science. Moreover, the average achievement of the grade 8 science students in Ghana was lower (306) than the international average (497). This seemed to go contrary to literature as well as the findings of the TIMSS report with regards to other countries. It could be seen in Table 7 and the TIMSS report that countries that did not have large percentage of their students being taught by teachers who felt as confident as Ghanaian teachers were still able to outperform students in Ghana who had confident teachers. For instance, both Finland and Singapore had fewer percentages (56% and 60%) of students who had teachers who felt confident in teaching science as compared to Ghana. The percentages of Finland (56%) and Singapore (60%) both fell short of the international average (73%), yet these countries' students had higher achievement than their Ghanaian counterparts. Does this mean that teachers in Finland and Singapore underestimated their confidence to teach content whereas teachers in Ghana overestimated their confidence? Or does it mean that the confidence of teachers has relatively less effect on student achievement? Or were there other additional factors that influenced students' achievement scores in Finland and Singapore? This incongruity in trend provides some thought provoking data.
A belief in one's abilities is a powerful tool capable of influencing a person's motivation to act, determination to succeed and to resist setbacks (Bandura, 1977) . Thus, the high levels of confidence exhibited by Ghanaian teachers as reported by the TIMSS 2011 report should reflect in their teaching which consequently should be seen in the achievement of their students. This is because a teacher may likely put in less effort in the preparation and delivery of instruction and would likely give up more readily as the students struggled if he does not expect to be successful (Tschannen-Moran & Johnson, 2011) . We believe that the converse should also be true for teachers who expect to succeed and are very confident in their abilities. Such teachers should be able to be determined to help students excel even in the face of difficulties. This did not happen in Ghana as though the teachers have high beliefs in their ability it did not reflect in their students' performance.
Conclusion
The analysis of Ghana's participation and performance in TIMSS 2011 assessment survey in the science content domain raises critical issues that need further investigation. Although it is difficult to emphatically explain the poor performance of students in Ghana in the TIMSS report, some inferences can be made from this review. Considering teacher qualification, it was observed that Ghana had majority of her grade 8 science teachers holding qualifications lower than bachelor's degree. However, considering countries like Finland and Singapore, whose students achieved higher on the TIMSS assessment, majority of their science teachers at the same grade were either bachelor's or postgraduate degree holding teachers. According to Hökkä and Eteläpelto (2014) , the objective of the Finnish teacher education program is to produce highly trained professionals who are capable of conducting research, have an analytical mind and reflective in practice. Through such rigorous training and certification process, Finnish teachers are seen as professionals capable of taking education related decisions rather than implementers of decisions. The situation in Ghana seems to be the opposite where although prospective teachers are required to conduct a research into their teaching while on clinical studies, due to the inherent fragmentations in the curriculum, the relevance of the course is lost on students. According to Korthagen (2011), a realistic teacher education program should seek to integrate theory and practice as well as the integration of several academic disciplines. In the absence of a strongly coherent teacher education program, it is not too surprising that teaching does not seem to enjoy the prestige that it enjoys in countries like Finland.
Although Ghanaian teachers indicated that they have been attending professional development, its effect did not reflect on students' achievement during the TIMSS assessment. The seeming disconnect between professional development (PD) and students' achievement may be related to the general structure for organizing these PD. According to Anderson, most PD programmes are offered in a top-down model (Anderson as cited by Appleton, 2008) and Ghana is no exception. Most often, teachers are drawn from the classroom by the authorities of the education system (Ghana Education Service) and are asked to participate in a series of workshops, lectures and seminars being run by experts (Anamuah-Mensah, Mereku, & Ampiah, 2009). The top-down approach has been found not to be effective as compared to Bell and Gilbert (1996) transformative approach which argued for a long term teacher support rather than the one-shot professional development programmes. Again, such an approach does not follow how teachers learn which is in professional learning groups and the types of knowledge needed by teachers. By adopting teacher-with-deficit model, there is the likelihood that topics covered and the modes of presentation at some of the PD are not likely to meet the needs of participants.
Cochran-Smith and Lytle (1999) identified three types of knowledge needed by teachers which are knowledge-for-practice, knowledge-in-practice, and knowledge-of practice. The third type of knowledge, knowledge-of-practice, results when teachers learn from their teaching experiences, issues concerning learning, knowledge, and theories leading to the development of local knowledge of practice. This process renders 'practice theoretical' (Britzman, 1991, p. 47) as teachers produce their own knowledge which works in their classroom situation, and may not necessarily be generalized to other situations. In view of this, it is suggested that any PD organized for teachers should enable them to take ownership of the learning process through reflecting on their practices and connecting their practices with relevant theories. It is when teachers find topics treated as being directly relevant to their practices that there is a greater chance of transfer of training to their instructional practices and ultimately translating to students' learning gains (Boaler, 1997) . At the moment, a top-down approach does not seem likely to yield the desired effect.
While it is generally acknowledged that success in the 21 st century requires a strong technological background for all students, Ghanaian teachers appear to be behind in terms of incorporating Information, Communication, Technology (ICT) into their teaching or received training regarding the use of ICT. Comparatively, there was a lower percentage of Ghanaian students whose teachers have had professional development compared to the international average on how to incorporate information technology into the teaching of science. This is not a very good practice for a developing country which seeks to develop students who can compete internationally. Teaching and learning has moved from the medieval chalk and talk practice. The focus of education is no more just to gain knowledge that can be used in the present but the capacity to engage in lifelong learning which can be gained through self-directed and collaborative inquiry as well as encourage connectedness through communication and collaboration with peers and experts (Law & Yuen, 2006) has become the focus of modern education. Information technology is rightfully placed to help teachers foster, inculcate and develop these traits in students. Thus, it is necessary that Ghana improve her teachers knowledge and skills in the use of information technology in their teaching especially so for science teachers. While government has been distributing laptops to various schools in the country, which is laudable, it must be noted that effective usage of these tools require teachers to have the required expertise to use them effectively to support the teaching and learning process.
Looking at Ghanaian teachers scores on the teacher preparation constructs and the overall students achievement, one would not be wrong to conclude that the science teachers whose students participated in the TIMSS assessment: 1) are of low quality, 2) had problems with self-reporting, 3) are not effective in the classroom, and 4) lack the ability to convey ideas in clear and convincing ways to create effective learning.
Recommendations
This paper looked at Ghana's performance in the science and how the nation prepares its teachers by using the TIMSS 2011 report as convenience data. The comparison data provided on teacher preparation between Ghana and the high achieving countries offer an important insight into our effort to achieve better standard in the quality of the teaching workforce. One approach to determining how to achieve quality in the teaching workforce is to study the countries that have achieved this difficult goal. It is time to hold the bull by the horn. Ghana will continue to underperform in such international assessment if the appropriate checks are not done. As noted by National Research Council (1996, p. 28) "What students learn is greatly influenced by how they are taught", it will be appropriate therefore to examine and critique the classroom instruction data, resources for teaching science, school climate etc. included in the TIMSS report to see if there were other additional factors that accounted for the variation in Ghanaian students' achievement scores and that of the other countries like Finland and Singapore. We also recommend that a study be conducted to investigate how science is taught at the Junior High School level.
